Calculations of ion partitioning in the hot outer Io torus have failed to account for certain observed features. Notably, the low concentration of OIII measured in the first half of 1981 has been difficult to reconcile with abundances of other ions inferred from Voyager 1 and 2 measurements in 1979. One possible explanation invokes a two-state plasma torus and suggests time-dependent changes of bulk composition. In this paper we propose an alternative time-independent model (time-independent in a mean-value sense) but introduce the ratio of sulfur to oxygen in the neutral source as a free parameter. The recent evidence that there exist distinct sources of S2 and SO2 justifies thisintroduction of independent sources of S and O. In our calculations, we also varied the relative abundances of hot (1 keV) and thermal electrons, the neutral injection rate and characteristic radial diffusion time scale, and the characieristic ion temperatures. We integrated the rate equations over time until a steady state was achieved. 
In our model of the hot outer torus, viewed as a region of uniform plasma density, we incorporate these and other com- We argue that the observed parti.tioning requires that the 12,065 source be rich in sulfur and cite evidence that the material sputtered from Io's surface is not pure SO2 as generally assumed in ion partitioning calculations but a mixture of S2 and SO e. Previous models have incorporated many of the features we consider. Here, we review the pertinent models and explain why we think they must be rejected on the basis of nonspectroscopic evidence regarding plasma transport properties. Our model is consistent with such plasma properties as well as with the surface observations noted.
In the next section, we present and discuss the measurements of ion abundances in the torus plasma, noting some ambiguities and identifying the features that are well established. Next we review physical processes important to the understanding of the ion partitioning calculation. We then present our model which allows the source strengths of neutral sulfur and oxygen tO vary independently. We then discuss the results of our model in the context of observational constraints and conclude with a discussion of spectroscopic constraints.
ION PARTITIONING: OBSERVATIONS
Data on ion partitioning are obtained from ¾oyager 1 measurements and from intermittent ground observations. Representative values are provided in Table 1 , from which it is apparent that there are some discrepancies among the data sets. Temporal Variability may explain some of the differences between ground-based and Voyager 1 data but cannot explain the differences between the Voyager 1 UVS (the ultraviolet spectrometer ) and PLS (the plasma detector) results. For example, .the PLS analysis , assuming an isothermal plasma, gives for the ratio of total sulfur ions to oxygen ions a value of 3, to be compared with the UVS ratio of order 0.7 to 0.8. On the other hand, the disagreement may imply that the alternative PLS analysis of [-1985 ] have shown that the radial profile of total flux tube content places restrictions on the source of neutral particles sputtered from the surface. They argue that the constraints are more readily satisfied by a dominant S: source, although this is not required and some SO2 is also probable. If surface sputtering is the principal process of importance in populating the torus, then the ratio of sulfur to oxygen in the source may differ significantly from the ratio 2 inherent in a pure SO2 source.
Once introduced into the torus, the neutral gases are readily dissociated and soon are ionized by charge exchange and electron impact. Three principal loss mechanisms act to produce a steady state population. Ions are lost by the process of centrifugally driven flux tube interchange diffusion wherein plasma at different radial distances exchange position as a consequence of Rayleigh-Taylor instabilities. Centrifugal potential energy is converted to kinetic energy and this energy is fed into the interchange motion I-Sonnerup and Laird, 1963]. The time scale characterizing this process has not been firmly established but current estimates range from 20 to 150 days [Richardson and Siscoe, 1983; Smyth and Shemansky, 1983] . Probably the most pertinent evidence on radial diffusion rates comes from radial flux profiles of ions, both thermal [Siscoe et al., 1981] and energetic [Thomsen et al., 1977] . Thorne [1983] shows that in the vicinity of Io, the corresponding radial diffu Table 1 There exists a homology transformation which permits a scaling of the ion density so that relative ion populations are preserved. In particular, let us suppose that all ion species are changed by a factor of r/, since the electrons are assumed to be derived from the resident ion population. We observe then that both collisional ionization and total recombination terms are changed by a factor of r/2 (since they vary linearly with respect to electron and ion populations). Since charge exchange terms vary as the square of ion density, the charge exchange term also scales as r/2. Recalling that tangential losses of ions are associated with recombination or charge exchange terms, it follows that the tangential loss term scales as r/2. In order for the equilibrium solution to scale in a manner which preserves all ion abundance ratios, the remaining diffusion and source terms must also scale as r/2. As the diffusion term varies with the diffusion rate and the ion density, it follows that the diffusion rate D must be proportional to r/(and the corresponding diffusion time to r/-x). Moreover, the source rates must vary as r/2.
Using this scaling argument, we now examine the B-83 model of Table 1 
Rationale for a New Model
The Clearly models with a pure SO2 source have provided valuable insight into torus processes, but they do not yield low values for OIII abundance and, therefore, would be inconsistent with a time-independent model of average torus properties. To reduce the abundance of OIII, one must invoke either (1) a mechanism that selectively removes neutral O prior to its initial ionization, or (2) a source of neutrals in which the ratio of O to S is less than 2. No exotic mechanism of the sort required by option 1 has been suggested. Option 2 is consistent with the surface-sputtering arguments discussed above. We have already presented arguments for the view that some of the reported levels of OII (say in column 3 of Table 1 ) may be high. If the total oxygen density were diminished, the relative populations of different levels might remain close to those reported without violating firmly established ion density measurements. This argument leads us to accept the concept that the source may provide neutral O and S independently.
We next studied the sensitivity of ion partitioning to S(O)/S(S), the ratio of the injection rate of neutral oxygen to that of neutral sulfur; values ranging from 2 to 1/32 allowed us to test the complete range from a source with the relative neutral composition of SO,• to a source representative of sur- Charge exchange between ions and neutrals occurs with relative velocity near the corotation velocity in Io's frame. Consequently, rate coefficients for sulfur ions at 560 eV and oxygen ions at 280 eV are appropriate and were used (see Table 2 ). We also explored possible charge exchange reactions between neutral oxygen and protons only to find that the influence of these reactions is negligible.
As a means of determining the equilibrium ion partitioning, we integrated the rate equations in time using a Runge Kutta fourth order integration scheme [Dahlquist and Bjorck, 1974 ] until a steady state was achieved. (Integration of the rate equations was performed as a numerical device for finding the solution to a set of ill-conditioned nonlinear equations that did not respond well to quasilinearization or invariant imbedding solution schemes. These computations are not meant to be interpreted in the sense of a "simulation," although our code would be readily adapted to that role and could be used to study the effect of radial variations in torus properties.) We then determined the electron density implied by the calculated ion distribution. Keeping the diffusion time and all other parameters fixed, we varied the percentage of keV electrons (relative to the 5 eV electrons), thus obtaining a relation between the number density of all electrons and the input fraction of hot electrons. We then varied the hot electron fraction until the total number density of electrons was 2000 cm -3. This approach provided the self-consistent results tabulated in Table 5 .
RESULTS
The results provided in the first six columns of Table 5 are restricted to cases for which the parameters chosen produced predicted partitionings that accorded with the principal features of experimental observations tabulated in Table 1 . If all the collision strengths were a factor of 2 larger than those used for B-83, our model would reproduce the observed intensity. In view of the sensitive dependence of the calculated intensity on an ill-known set of parameters, it seems to us premature to exclude the sulfur-rich models of this paper on spectroscopic grounds.
CONCLUSIONS
We conclude that a biomodal source model, together with a small percentage of hot electrons and a relatively short diffu- 
